Rapid losses induced by Alfvén instabilities may jeopardize the performance of a magnetic fusion device or damage vessel hardware, to the extent that methods are needed to prevent or, alternatively, suppress the instability or mitigate its impact. Based on experimental results from NSTX, this contribution explores the possibility of using externally applied fields, to induce redistribution and possibly control fast-ion instabilities.
Rapid losses induced by Alfvén instabilities may jeopardize the performance of a magnetic fusion device or damage vessel hardware, to the extent that methods are needed to prevent or, alternatively, suppress the instability or mitigate its impact. Based on experimental results from NSTX, this contribution explores the possibility of using externally applied fields, to induce redistribution and possibly control fast-ion instabilities.
Experimental evidence is presented of active mitigation of Alfvénic bursting-chirping activity on NSTX H-modes, by use of n=3 static non-resonant perturbations [1] . The modes, identified as Global Alfvén Eigenmodes, are active in the range of frequency 400-700 kHz.
In response to pulsed external fields the non-linear evolution of the mode is strongly modified: bursting frequency increases while the range of frequency chirp and the mode amplitude are reduced. This robust observation could be interpreted in terms of a reduction of the drive from resonant fast ions. The dynamical evolution of the fast ion distribution function caused by the magnetic perturbation has been computed by means of full-orbit simulations, with perturbation fields numerically determined according to ideal and resistive MHD models. The predicted evolution of neutron production rate is compared with the observed 7% decay, to assess the accuracy of the plasma response models. When including plasma response with finite field amplification, better agreement with the experimental neutron rate is obtained. The fast ion distribution function is modified in regions of the velocity space where resonance with the observed modes is expected and the modification appears consistent with a reduction of the drive for the bursting modes. These results emphasize the tailoring the fast ion distribution as an additional tool to control plasma performance in fusion devices. At the same time, 3D perturbations can also affect the Alfvén modes stability by altering the structure of Alfvén continua, through modification of the kinetic profiles, in particular toroidal rotation, or by the coupling of modes of different toroidicity, as result of the broken axisymmetry. These mechanisms, potentially more effective for mitigation of modes less sensitive to fine details of the fast-ion distribution function, will be discussed in the context of NSTX scenarios.
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